Wear debris generated by a total hip arthroplasty (THA) bearing can cause considerable damage to the surrounding soft tissues and bone, compromising patient function and causing longterm pain. In the case of a traditional bearing, a metal (or ceramic) head articulates with an ultra high molecular weight polyethylene (UHMWPE) cup. The polyethylene debris generated is processed by the macrophage, and through a cascade of cytokines, results in an inflammatory response. The inflammatory response causes a surrounding toxic reactive synovitis 7 . Frequently an associated pronounced osteolysis phenomenon occurs, compromising implant fixation 6 . The significant bone loss makes subsequent revision THA very difficult and can affect long term implant survival. The severe osteolysis seen with UHMWPE bearings prompted many surgeons to utilize alternative bearing constructs such as metal-on-metal, metalceramic, and ceramic-ceramic bearings.
Introduction
Wear debris generated by a total hip arthroplasty (THA) bearing can cause considerable damage to the surrounding soft tissues and bone, compromising patient function and causing longterm pain. In the case of a traditional bearing, a metal (or ceramic) head articulates with an ultra high molecular weight polyethylene (UHMWPE) cup. The polyethylene debris generated is processed by the macrophage, and through a cascade of cytokines, results in an inflammatory response. The inflammatory response causes a surrounding toxic reactive synovitis 7 . Frequently an associated pronounced osteolysis phenomenon occurs, compromising implant fixation 6 . The significant bone loss makes subsequent revision THA very difficult and can affect long term implant survival. The severe osteolysis seen with UHMWPE bearings prompted many surgeons to utilize alternative bearing constructs such as metal-on-metal, metalceramic, and ceramic-ceramic bearings.
A metal-on-metal bearing (including ceramic-onmetal) can also cause an adverse wear response. The metal-on-metal bearing is a cobalt chrome alloy, which generates cobalt and chrome particles. These submicron particles can liberate cobalt and chrome ions, which can penetrate the local soft tissues and enter the systemic circulation 7, 13 . Locally, the ion particles bond with serum proteins to create hapten complexes. The metal ion hapten complexes are processed by the T-cell lymphocyte, and through a cascade of cytokines, results in a local inflammatory response. The response creates a toxic reactive synovitis that can expand to regional tissues nearby (also known as pseudotumor response) 2, 3, 10, 11, 12 . Furthermore, bone tissues can resorb via osteolysis, resulting in significant bone compromise. Clarke and others have described wear patterns on hard-on-hard bearing constructs that lead to the formation of excess wear debris 1, 5, 9, 14 . Stripe wear is one such pattern typically seen when a bearing repetitively subluxes sub-clinically, meaning the event occurs without the patient sensing that the levering action is occurring. Stripe wear was first described with ceramic-ceramic bearings and has also recently been described with metal-on-metal bearing constructs 4, 5, 8 . With metal-on-metal bearings, repetitive sub-clinical subluxation is still the mechanism responsible for stripe wear formation, whether it be from a levering mechanism or by a joint distraction phenomenon (head distraction at end of limb swing phase) (Figure 1 Another wear pattern mechanism for the metalon-metal bearing is edge scratching. This occurs when the bearing dislocates and is subsequently reduced. It is thought that scratches generated by the dislocation event could later "self heal" by a polishing phenomenon. Others feel that a dislocated metal-on-metal bearing is doomed for an accelerated wear pattern for the rest of the life cycle of the prosthesis. In this case we describe the wear patterns of a large diameter metal-on-metal bearing that had previously dislocated twice before the bearing was revised. We also describe for the first time a new bearing wear pattern seen in this retrieval specimen.
Case Report
The patient in this case is a 65-year-old female who has suffered from rheumatoid arthritis for over 30 years. She had been treated aggressively with multiple disease modifying anti-rheumatic drugs (DMARD's) including anti-TNF agents, methotrexate and prednisone. She has undergone multiple joint replacement procedures to treat her polyarticular disease.
The right hip was initially replaced in 1990 with a cementless porous coated cup and stem. Her hip was revised 13.5 years later in August 2003 for mechanical loosening as a result of significant polyethylene induced osteolysis. The acetabulum was revised with a cementless porous cup with screws and the stem was revised with a cementless modular revision stem. Her stem healed with stable osteointegration, but her cup failed to successfully integrate. Her cup migrated to develop a protrusio deformity and 20 months later (April 2005) the acetabular cup was revised with a triflange cage (MaxTi, Biomet Inc. Warsaw, IN). A large diameter metal monolithic cup (Magnum, Biomet Inc.) was cemented into the cage. Anteversion was set at 25 degrees with a theta angle of 40 degrees. The head used was a 44mm diameter cobalt chrome alloy metal head with a titanium alloy modular neck adapter. A neck length of minus 6mm was used and impacted onto a 4 degree included angle taper junction (see Figures 2a and 2b) . Her pelvic reconstruction was successful, but the patient dislocated her hip 16 months after surgery when she was in a position of hyperflexion getting out of a low chair. A closed reduction was successful under anesthesia in the operating room. A second dislocation occurred four months later, again while the patient was in a position of hyperflexion. After her first dislocation she noted repetitive intermittent hip clicks with sit to stand. These clicks were not painful. The acetabular cup was revised after her second dislocation. At the time of revision surgery the hip dislocated with the hip at 105º of flexion and internal rotation of 20º. In this position the greater trochanter impinged upon the anterior column of the acetabulum causing hip levering and dislocation. Trochanteric impingement occurred because of lack of hip offset. Observation of the soft tissues around the hip showed no metallosis. There was no toxic reactive synovitis evident. The acetabulum was revised to a constrained acetabular component (Freedom, Biomet Inc.) The neck length of the head was increased to a plus 3mm, which reduced greater trochanteric impingement with flexion and internal rotation. At 3.5 years after surgery, the patient enjoys a pain free hip that remains functionally stable.
Surface analyses of the bearing included wear maps and surface roughness measurements employing a coordinate measuring machine and metal surface scan with scanning electron microscopy (SEM). Regional wear patterns were identified relative to polar and equatorial regions of the cup and head. Wear features included main wear zone (mwz), stripe wear zones (swz), cup rim wear breakout (rbo), areas out of round, and volumetric wear.
The visual inspection showed obvious deep arcuate scratches that occurred during the reduction maneuver. Surface SEM analysis demonstrated that deep gouges were created within the metal head. These "canyon troughs" also created raised ridges that were points for further wear (Figure 3 and 4) . Adjacent stripe wear occurred once the joint was reduced. We describe this as "collateral trough wear phenomenon." Adjacent to the canyon trough, the collateral wear stripes were made generally orthogonal to the canyon trough as a result of normal bearing movement. Also, unique to this retrieval, were large deep pits (Figures 5), which were located at the base of the femoral head. These craters are thought to emanate from carbide particles that had broken Fig. 4 off and became crushed in between the bearing surfaces. To our knowledge, this is the first time this type of wear pattern has been observed from an invivo retrieval.
This specimen also demonstrated multiple stripe wear patterns ( Figure 6 ). Even though clinically the senior surgeon felt that the positioning of the stem and cup was reasonable, repetitive subluxation was occurring in multiple directions. The reason for the levering phenomenon was thought to be due to lack of offset in the prosthetic construct. This allowed for greater trochanteric abutment against the pelvis at end flexion and rotation. This resulted in levering of the femoral head creating the multiple wear stripes observed in this case.
Discussion
Large diameter THA bearings are popular among surgeons because they are inherently more stable than smaller diameter bearings. Large diameter bearings confer their stability via two mechanisms. The first mechanism is an optimized head to neck ratio. A large diameter head attached to a narrow neck significantly increases primary arc range and is more stable (Figure 7) . The second mechanism is the increased "excursion distance" to lever out of socket. A larger diameter head requires a longer distance to lever before complete dislocation out of socket (Figure 8 ).
Larger diameter heads however, are more susceptible to multiple stripe wear formation. Smaller diameter heads dislocate much easier and when they do, they are frequently revised. Large diameter heads rarely dislocate. When in a compromised position they sublux but stay located. This creates the condition of repetitive sub-clinical subluxation 8 . Furthermore, a patient may challenge a large diameter bearing in various positions creating the scenario of multiple stripe wear marks. All stripe wear marks are adverse wear regions. The greater the number of stripe regions on a bearing, the greater the risk for increased debris formation. This can result clinically in an adverse wear response.
This retrieval specimen demonstrates that the so-called "in-vivo polishing" effect of a metal-onmetal bearing does not occur. From our review the introduction of the canyon trough from the reduction maneuver was an additional source for in-vivo scratching. This scratching occurred orthogonally to the trough, vastly increasing the surface area for wear debris formation. In a large diameter bearing the extent of the head travel (defined as the absolute distance the femoral head travels during a full arc range) is greater than that of a small head. Thus for any defect created, the larger diameter head will generate a larger area of collateral damage. Finally, we identified a new phenomenon of wear damage to a cobalt chrome bearing. This is the "asteroid impaction" pattern of wear. When carbide particles are broken off from the bearing (as with a dislocation/reduction event), these free asperities get crushed within the bearing causing significant local damage. The findings on SEM were analogous to the appearance of an asteroid that had slammed into the surface of the moon. This "asteroid impaction" is a very adverse wear pattern. In summary, this retrieval suggests that the dislocation of a large diameter metal-on-metal bearing is a worrisome scenario for wear debris formation. In fact, a canyon trough created by a dislocation combined with repetitive sub-clinical subluxation probably represents the worse case of in-vivo wear debris formation. For the surgeon, a patient with a dislocating large diameter THA should be monitored frequently to check for adverse wear debris formation. We advocate baseline serum metal ion testing after the dislocation event should the surgeon and patient decide not to revise immediately. The patient should then be checked for metal ion levels every 6 months until stable levels are achieved. If metal ions increase to worrisome levels, we advocate revision of the THA bearing.
If the patient suffers another dislocation, we recommend revision of the bearing construct.
